Abstract-The Q-factors of piezoelectric resonators fabricated from natural and synthetic quartz with a 340 rotated X-cut orientation have been measured at temperatures up to 325C. The synthetic material, which was purified by electrolysis, retains a high enough Q to be suitable for high-temperature pressure-transducer applications, whereas the natural quartz is excessively lossy above -200'C for this application. The present results are compared to results obtained previously at AT-cut resonators.
I. INTRODUCTION Q UARTZ-RESONATOR pressure transducers are being developed at Sandia National Laboratories, Albuquerque, NM, for high-temperature (at300°C) applications in geotechnology areas [1] . Areas [2] .
The geometry of the rotated X-cut plate as shown in Fig. 1 .
Here a rotation angle of e = 340 is shown, as this is the angle that provides compensation in the temperature range of interest. A more detailed description of the pressure gauge being developed can be found in [1 ] .
Although the rotated X-cut orientation has been found to be optimum from the viewpoint of its growth conditions (natural or synthetic), sample preparation, and the number and type of defects present. The present work was undertaken to characterize the temperature-dependent Q-factor of rotated X-cut quartz resonators fabricated both from natural and synthetic (electrolyzed) material.
II. EXPERIMENTS
Four samples were studied in the present investigation: two natural quartz samples from Hoffman and two synthetic quartz samples from Sawyer. The Sawyer material was electronically swept (electrolyzed) at Sandia. Plano-convex resonators with deposited Au electrodes were fabricated and then mounted in hermetically sealed cans. The samples were heated in a tube furnace, and care was taken to stabilize the temperature before taking each Q measurement.
The simple apparatus used for the Q measurements is shown in Fig. 2 . The output of a frequency synthesizer is used to excite the resonator and is simultaneously applied to the reference terminal of a vector voltmeter. Current flow through the resonator is monitored via a current viewing resistor, the voltage across which is applied to the signal input of the voltmeter. To ensure that the resonator is excited by a low impedance source, he output of the synthesizer is shunted by the resistor shown to the left of the resonator in the drawing. With this arrangement the voltmeter measures the complex admittance of the resonator. Provided that the resonance is sufficiently strong, the width (at the half power points) of the resonance is the difference of the frequencies .45 and f-45 where the current and voltage are ±450 out of phase [3] . For the resonators used in the present paper, the resonances were somewhat weaker than expected under ideal conditions. Because of this, it proved impractical to measure have required a point-by-point tracing out of the resonance circle in the complex admittance plane [3] .
All the data presented in this paper were Nonetheless, it is not particulary surprising that the data of Fig. 4 are somewhat similar to previously published data [5] on AT-cut resonators fabricated from natural and sweptsynthetic quartz.
The Fig. 4 , is believed to be due to alkali diffusion in response to the applied stress. Removal of alkalis by electrolysis is necessary to reduce this source of loss. The loss peak shown at -700C in Fig. 4 may be of the same origin as a similar peak observed in natural Brazilian opaline quartz and in fast Z-growth synthetic quartz [4] . It appears to be associated with OH bonds.
The data for synthetic quartz in Fig. 4 do not show any evidence of acoustic loss peaks. The previous work on A T-cut resonators has shown that loss peaks usually are observed, but that they are quite weak. It appears that the background loss due to electroding and mounting may have obscured any small loss peaks in the present measurements.
V. CONCLUSIONS Two main conclusions may be drawn. The first is that the acoustical loss properties of rotated X-cut resonators appear similar to those of the widely studied A T-cut. Thus most past experience on A T-cut resonators may provide a valuable guide in designing devices using the rotated X-cut. The second conclusion is that electrolytically swept synthetic quartz appears to have sufficiently high Q for pressure gauge applications, whereas natural quartz is unsuitable for temperature above -2000C.
